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Scheme 1.
The base-promoted hydrophosphonylation of electrophilic
compounds represents a viable procedure to introduce a phosphon-
yl group into a wide array of functionalized substrates. According
to this synthetic strategy, a-hydroxy as well as a-aminophospho-
nates can be readily prepared using aldehydes and imino deriva-
tives as electrophiles.1 Although less explored, conjugate addition
of dialkyl phosphites to electron-poor olefins also represents a via-
ble procedure to obtain b-phosphonylated derivatives.2 In this con-
text, the utilization of vinylogous imino derivatives in the reaction
with dialkyl phosphites usually provides a-aminoalkenyl phospho-
nates through a regioselective 1,2-addition reaction.3 Phosphonic
acid derivatives can replace the more popular carboxylic group in
many pharmaceutical targets introducing a consistent modifica-
tion in their biological activity.4 Furthermore, arylphosphonic acids
have recently emerged as an important class of useful catalysts
amenable of promoting enantioselective as well as many other
synthetic processes.5 Recently, we have demonstrated that 3-(1-
arylsulfonylalkyl) indoles 2 readily obtained by a three-component
coupling from indoles 1 are effective precursors of vinylogous-type
imino derivatives 3 that regioselectively add nucleophilic reagent
at the exocyclic double bond leading to the corresponding substi-
tuted indoles 4 (Scheme 1).6
ll rights reserved.

: +39 0737 402297.
ini).
Organometallic reagents as well as stabilized carbanions can be
efficiently used as nucleophiles in this process, thus providing a
straightforward synthesis of branched indole derivatives. The utili-
zation of dialkyl phosphites 7 as heteronucleophiles in the reaction
with sulfonyl indoles 6 is also successful in providing the corres-
ponding indolylalkylphosphonates (Scheme 2, Table 1).

Indoles bearing an alkylphosphonyl substituent at 3-position
are featured by a consistent pharmacological activity.7

Furthermore, such derivatives are also pivotal intermediates in
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Table 1
Synthesis of indolylalkylphosphonates 8 by reaction of 3-(1-arylsulfonylalkyl) indoles
6 with dialkyl phosphites 7

Entry Sulfone
6

Phosphonate
7

Productsa 8 Yieldb (%)
(Method)c

1 6a 7a

8a

N
H

P

Ph

OEt
OEt

O

65 (A)

2 6a 7b

8b

N
H

P

Ph

OMe
OMe

O

66 (A)

3 6b 7a

8c

N
H

P

Ph

OEt
OEt

O

68 (A)

4 6c 7a

8d

N
H

P

c-C6H11

OEt
OEt

O

70 (A)

5 6c 7b

8e

N
H

P

c-C6H11

OMe
OMe

O

75 (B)

6 6d 7a

8f

N
H

P

n-C5H11

OEt
OEt

O

77 (B)

Table 1 (continued)

Entry Sulfone
6

Phosphonate
7

Productsa 8 Yieldb (%)
(Method)c

7 6e 7a

8g

N
H

P

n-C5H11

OEt
OEt

O

Ph

88 (B)

8 6f 7a

8h

N
H

P

Et

OEt
OEt

O

Ph

84 (B)

9 6f 7b

8i

N
H

P

Et

OMe
OMe

O

Ph

76 (B)

10 6g 7a

8j

N
H

P

Et

OEt
OEt

O
MeO

80 (B)d

11 6h 7b

8k

N
H

P

Et

OMe
OMe

O

CO2Et

66 (A)

a All products were identified on the basis of their IR and NMR spectra.
b Yields of pure products isolated by column chromatography.
c Method A: dialkyl phosphite (1.5 mmol), NaH (2 mmol) in THF (10 mL), and

sulfonyl indole (1 mmol) 2 h at rt. Method B: dialkyl phosphite (1.5 mmol), KF/basic
alumina (2 g) in THF (5 mL), and sulfonyl indole (1 mmol) 15 h at rt.

d Reaction time 3 h.
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the synthesis of biologically active compounds.8 Potassium fluoride
on basic alumina at room temperature acts as an efficient basic
promoter for the addition of dialkyl phosphites 7 to sulfonyl
indoles 6 (method B). The utilization of KF/basic alumina as
promoter introduces a considerable simplification in the work-up
procedures. Indeed, after removal of the solvent, the resulting solid
mixture can be directly applied on the head of a chromatographic
column for the final purification. However, we observed that for
some substrates this heterogeneous basic system is not completely
satisfactory since the starting material is still present in the reac-
tion mixture even after prolonged reaction time. For these runs,
sodium hydride in tetrahydrofuran is more effective than the
former promoter (method A).

Good to excellent results are obtained with sulfonyl indoles 6
tested for this process (Table 1).9 Steric crowding in close proxim-
ity to the reaction center does not usually affect the efficiency of
the addition as evidenced for the utilization of sulfonyl indole 6c
bearing a cyclohexyl group at 10 position (Table 1, entries 4 and
5). Similarly, the presence of a phenyl group at 2-position of the
indole ring in compounds 6e,f looks even beneficial in providing
good yields of the phosphonylated products 8g–i (Table 1, entries
7–9). Of particular interest is the reaction of sulfonyl indole 6h
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obtained from ethyl 2-indolecarboxylate with phosphonate 7b,
which affords indole 8k bearing two ester functions of different
acidic systems. Such derivatives are important structural
analogues of glutamic and glutaric acids, which can be used in
biological assays.10

The widespread interest in the preparation of trisubstituted
phosphines prompted us to exploit the feasibility of a related pro-
cess involving the utilization of diphenylphosphine as nucleophile
in the reaction with sulfonyl indoles 6.11 Thus, diphenylphosphine
9 efficiently adds to sulfonyl indoles 6 in the presence of KF/basic
alumina leading to the corresponding trisubstituted phosphines
10 in excellent yields (Scheme 3, Table 2).12 The reaction condi-
tions adopted for the addition of phosphine 9 are surprisingly
mild, considering that the conjugate addition of 9 to enoates
Table 2
Synthesis of 3-(1-diphenylphosphinoalkyl) indoles 10 by reaction of 3-(1-aryl-
sulfonylalkyl) indoles 6 with diphenyl phosphine 9a

Entry Sulfone 6 Productsb 10 Yieldc (%)

1 6a

10a 

N
H

PPh2

Ph

88

2 6c

10b 

N
H

PPh2

c-C6H11

90

3 6e

10c  

N
H

PPh2

n-C5H11

Ph
86

4 6f

10d 

N
H

PPh2

Et

Ph
95

a Diphenylphosphine (1.1 mmol), KF/basic alumina (2 g) in THF (5 mL), and sul-
fonyl indole (1 mmol) 4 h at rt.

b All products were identified on the basis of their IR and NMR spectra.
c Yields of pure products isolated by column chromatography.
and amides usually requires the utilization of the corresponding
lithium salt.13

In conclusion, 3-alkylidene indoles, generated under basic con-
ditions from sulfonyl indoles 6, react with dialkyl phosphites and
diphenylphosphine leading to the corresponding adducts. Sodium
hydride or potassium fluoride on basic alumina can be used as
basic promoters showing different levels of efficiency depending
on the heteronucleophile employed. The obtained phosphonates
8 may be considered as synthetic analogues of carboxylic acids
or esters with potential biological activity.
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